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SHAFT AND WHEEL HUB RETENTION ASSEMBLY 
Technical Field 

[0001] This invention relates generally to the 

retaining against relative axial movement of two 
members in telescopic relation with a shaft. The 
members are retained by a retaining element received in 
an external groove on the shaft. In particular, the 
invention relates to a retaining element for retaining 
a wheel ■ hub and a new generation wheel bearing 
assembly, without preload upon a shaft of an outboard 
drive axle of an automotive vehicle. 

Background Of The Invention 

[0002] Driving and non- driving hub and wheel bearing 

assemblies of an automotive vehicle require a preload 
to be imparted upon the wheel bearings in order to 
align and retain the hub and wheel bearings. The 
preload is accomplished by using an axle washer that is 
forced against a wheel hub by an axle nut. The axle 
nut has internal threads that engage the external 
threads of a shaft of an outboard drive axle. The 
shaft is axially coupled to an outer race of a constant 
velocity joint. A wheel bearing assembly typically 
includes an outer bearing race and two separable inner 
races rotatably coupled by two sets of bearings, each 
set of bearings being thrust against the outer bearing 
race by its inner race. The outer bearing race is 
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fixedly attached -to a vehicle's frame, for example the 
bearing support or steering knuckle of a motor vehicle. 
The inside inner race is supported against the outer 
race of the constant velocity joint axially coupled to 
the shaft. The outside inner race is supported against 
the wheel hub and is axially coupled to the shaft or 
the wheel hub. The wheel hub transfers the preload 
force through the outside inner race into the bearings 
and outer bearing race. the preload force is opposed 
in the opposite direction by the outer race of the 
constant velocity joint through the inside inner race 
into the bearings and outer bearing race thus 
supporting and aligning the hub and wheel bearings when 
a preload is applied by the axle nut. 

[0003] The preload may also be applied by using a 

wedge or spacer that fills a gap on the end shaft when 
the hub is preloaded against the bearing assemblies and 
the wedge or spacer is fit into the gap to maintain the 
preload. Other methods have also been employed for 
obtaining the pre load on the hub and bearing assembly, 
such as using a head of a bolt that is threaded into 
the axial end of the shaft and torqued against the axle 
washer or hub. 

[0004] To insure that the preload is maintained, the 

axle nut is assembled with a lock nut, cotter pin or 
other similar methods known for securing nuts onto 
rotating shafts. A method of securing the preload 
typically requires a threaded shaft having a hole 



-3- 



G00359/US 



drilled radially within, an axle nut with corrugated 
recesses, an axle washer and locking pin. The locking 
pin engages the corrugated recess of the axle nut and 
is inserted into the hole of the threaded shaft locking 
the axle nut to the shaft. Alignment typically is 
required in order to install the locking pin and the 
locking pin is only attachable in incremental steps. 
In order to attach the locking pin it is sometime 
necessary to either increase or decrease the preload by 
adjusting the axle nut upon the shaft. This results in 
varying inconsistencies in the preload of each bearing 
assembly. 

[0005] The preload is imparted during assembly of 

the wheel hub and wheel bearings onto the shaft. Using 
a torque wrench or other torque device, the axle nut is 
threaded onto the shaft against the assembly until a 
given torque range is obtained. The axle nut, 

typically, is then rotated back relieving some of the 
torque and locked into place. 

[0006] It would be advantageous to have a shaft that 

is not threaded and eliminates the need for an axle 
washer and axle nut, or bolt, while still being able to 
retain the hub and wheel bearing assembly. It would be 
of further, advantage to have an assembly that requires 
no preload or, no lock nut adjustment. Also, it would 
be of advantage to eliminate the torque assembly 
procedure . 



Summary Of The Invention 
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[0007] The present invention provides an assembly 

having a retaining element, an' outer race of a constant 
velocity joint and a shaft of an outboard drive axle 
axially coupled to the outer race, wherein the shaft 
has an external surface and an external groove 
circumf erentially formed in the external surface 
allowing the retaining element to be engaged in the 
external groove of the shaft. The assembly may receive 
and retain a wheel hub and wheel bearings. The 
assembly imparts no preload when retaining the wheel 
hub or wheel bearings, thus eliminating the need for an 
axle washer, axle nut, lock nut or threaded shaft. 

[0008] According to another aspect of the invention, 

an assembly having a retaining element, an outer race 
of a constant velocity joint, and a shaft of an 
outboard drive axle that is axially joined to the outer 
race is provided. The shaft has an external groove 
circumf erentially formed on its external surface for 
receiving the retaining element.. The external surface 
of the shaft supports a 'new generation wheel bearing 
assembly and a wheel hub that is non-rotatably coupled 
to the external surface of the shaft. The retaining 
element engages the external groove of the shaft and 
retains the wheel hub and bearing not requiring a 
preload. The wheel hub is assembled between the 
retaining element and the wheel bearing. In this 
arrangement the wheel bearing assembly is retained 
between the wheel hub and the outer race of the 
constant velocity joint, thereby allowing the retained 
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wheel hub to be rotatably drivable within the wheel 
bearing assembly by the constant velocity joint, 

[0009] The present invention also provides an 

arrangement in which the spring ring may be engageably 
connected to the half shaft and may allow easy assembly 
and disassembly of the parts in situ on a vehicle. 

[0010] One aspect of the invention provides a method 

of securing together, by means of retaining element, a 
wheel hub and a wheel bearing assembly in telescopic 
relationship with a shaft of an outboard drive axle 
axially coupled to an outer. race of a constant velocity 
joint, wherein the shaft has an external surface and an 
external groove circumf erentially formed in the 
external surface of the shaft, the wheel bearing 
assembly having a second bore, the wheel hub having a 
first bore and a radially extending flange. The method 
includes telescoping the shaft inwardly through the 
second bore of the wheel bearing assembly and the first 
bore of the wheel hub, retaining the wheel hub and the 
wheel bearing assembly on the shaft with engaged 
retaining element in the external groove of the shaft, 
and mounting the retaining element on the shaft. 

[0011] Other advantages of the invention will become 

apparent upon reading the following . detailed 
description and appended claims,, and upon reference to 
the accompanying drawings . 
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Brief Description Of The Drawings 

[0012] The invention will now be described in detail 

with reference to the accompanying drawings that show 
variations of a shaft of an outboard drive axle 
embodying the invention. 

[0013] In the drawings: 

[0014] Figure 1 is a partial cross-section of a 

shaft, wheel hub and wheel bearings of an outboard 
drive axle assembly according to one embodiment of the 
invention. 

[0015] Figure 2' is a partial cross-section of a 

shaft, wheel hub and wheel bearings of an outboard 
drive axle assembly according to another embodiment of 
the invention. 

[0016] Figure 3 is a partial cross-section of a 

shaft of an outboard drive axle having an external type 
of retaining element according to one embodiment of the 
invention. 

[0017] Figure 4 is a partial cross -section of a 

shaft of . an outboard drive axle having internal 
retention capabilities according to one embodiment of 
the invention. 

[0018] Figure 5 is a block diagram showing the 

method of securing together a shaft of an outboard 
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drive axle, a wheel hub and a wheel bearing assembly in 
accordance with the present invention. 

[0019] Figure 6 is a partial cross -section of a 

shaft, wheel hub and wheel bearings of an outboard 
drive axle assembly according to another embodiment of 
the invention. 

Detailed Description Of The Invention 

[0020] Figure 1 is a partial cross -section of a 

shaft 12 , wheel hub 14 and wheel bearings 16 of an 
outboard drive axle assembly 10 * according to one 
embodiment of the invention. The assembly 10 comprises 
an outer race 18 of a constant velocity joint 20, a 
shaft 12 of an outboard drive axle 13 which is axially 
coupled to the outer race 18. The shaft 12 has an 
external surface 22 and an external groove 24 
circumferentially formed in the external surface 22 of 
the shaft 12 for retaining the wheel hub 14 . 

[0021] The assembly 10 further comprises a steering 

knuckle or bearing support 26 having a third bore 28 
and a backstop 30 # a retaining ring 32 and a wheel 
bearing assembly 16. The wheel bearing assembly 16 is 
a new generation type of wheel bearing known as roll- 
formed or self-contained bearing and does not require a 
preload. The wheel bearing assembly 16 has an outer 
part 34 rotatably coupled by a plurality of bearing 
elements (not shown) to an inner part 36, where the 
inner part 3 6 has a second bore 42, a first side 3 8 and 
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a second side 4 0 (all not detailed) . The wheel bearing 
assembly 16 is fit into the third bore 28 up to the 
backstop 3 0 of the steering knuckle 26 and retained by 
the retaining ring 3 2 between the backstop 3 0 and the 
retaining ring 32. The outer part 34 of the wheel 
bearing assembly 16 is non-rotatably coupled to the 
third bore 28 of the steering knuckle 26. The inner 
part 3 6 of the wheel bearing assembly 16 is non- 
rotatably coupled to the shaft 12 of the outboard drive . 
axle 13 where the first side 38 of the wheel bearing 
assembly 16 is assembled adjacent to the outer race 18 . 

[0022] The wheel hub 14 1 has a first bore 44 and a 

radially extending flange 46 for attaching a wheel. 
The assembly 10 also comprises a retaining element 50 
for retaining the assembly without preload. The first 
bore 44 of the wheel hub 14 is coupled to the external 
surface 22 of the shaft 12 and is held in an assembled 
position between the second side 4 0 of the inner part 
36 of the wheel bearing assembly 16 and the retaining 
element 50. The retaining element 50 engages the 
external groove 24 of the shaft 12 and retains the 
wheel hub 14 . The retained wheel hub 14 is rotatably 
drivable within the steering knuckle 26 by the constant 
velocity joint 20. 

[0023] The retaining element 50 of this embodiment 

is an external type of retaining device such as an 
external snap ring. 
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[0024] It is also contemplated that the external 

groove 24 may be located inwardly, nearer the outer 
race, upon the external surface in the coupling section 
of the shaft. The wheel hub having an internal groove 
circumf erentially located within its inner bore. The 
wheel hub and the shaft may be held in an assembled 
position by the retaining element, which co-operatively 
engages the internal groove and the external groove. 
The retaining element 50 of this contemplated 
embodiment is an internal type of retaining device such 
as an internal snap ring. 

[0025] Figure 2 is a partial cross -section of a 

shaft 12, wheel hub 14, and wheel bearings 16 of an 
outboard drive axle assembly 10 according to another 
embodiment of the invention. The assembly 10 comprises 
an outer race 18 .of a constant velocity joint 20, a 
shaft 12 of an outboard drive axle 13 which is axially 
coupled to the outer race 18 . The shaft 12 has. an 
external surface 22 and an external groove 24 
circumferentially formed in the external surface 22 of 
the shaft 12 for retaining the wheel hub 14 . 

[0026] The assembly 10 further comprises a steering 

knuckle or bearing support 26 having a third bore 28 
and a backstop 30, a retaining ring 32 and a wheel 
bearing assembly 16. The wheel bearing assembly 16 is 
a new generation type of wheel bearing known as roll- 
formed or self-contained bearing and does not require a 
preload. The wheel bearing assembly 16 has an outer 
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part 34 rotatably coupled by a plurality of bearing 
elements (not shown) to an inner part 36, where the 
inner part 36 has a second bore 42 , a first side 38 and 
a second side 40 (all not detailed) . The wheel bearing 
assembly 16 is fit into the third bore 28 up to the 
backstop 3 0 of the- steering knuckle 26 and retained by 
the retaining ring 32 between the backstop 3 0 and the 
retaining ring 32. The outer part 34 of .the wheel 
bearing assembly 16 is non-rotatably coupled to the 
third bore 28 of the steering knuckle 26. 

[0027] The wheel hub 14 has an internal groove 52, a 

first bore 44, a radially extending flange 46 for 
attaching a wheel, and an outer surface 48. The inner 
part 3 6 of the wheel bearing assembly 16 is non- 
rotatably coupled to the outer surface 48 of the wheel 
hub 14. The first side 38 and second side 40 of the 
inner part 3 6 of the wheel bearing assembly 16 is 
assembled between the outer race 18 of the constant 
velocity joint 20 and the flange 46 of the wheel hub 
14, respectfully. 

[0028] The assembly 10 also comprises a retaining 

element 50 for retaining the assembly without preload. 
The first bore 44 of the wheel hub 14 is non-rotatably 
coupled to the external surface 22 of the shaft 12 and 
is held in an assembled position between the outer race 
18 of the constant velocity joint 20 and the retaining 
element 50. The retaining element 50 engages 

cooperating grooves, the external groove 24 of the 
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shaft 12 and the internal groove 52 of the wheel hub 
14, retaining the wheel hub 14 to the shaft 12. The 
retained wheel hub 14 is rotatably drivable within the 
steering knuckle 26 by the constant velocity joint 20. 

[0029] The retaining element 50 of this embodiment 

is an internal type of retaining device such as an 
internal snap ring. 

[0030] It is also contemplated that the external 

groove 24 may be located outwardly, nearer the opposite 
end of the shaft from the outer race, upon the external 
surface in the coupling section of the shaft. The 
wheel hub and the shaft may be held in an assembled 
position by the retaining element. The retaining 
element 50 of this contemplated embodiment may be an 
external type of retaining device such as an external 
snap ring. 

[0031] Figure 3 is a partial cross -section of a 

shaft 12 of an outboard drive axle 13 having an 
external type of retaining element 50 according to one 
embodiment of the invention. The assembly of the 
outboard drive axle 13 includes an outer race 18 of a 
constant velocity joint 20 axially coupled to a shaft 
-12. The shaft 12 has an external surface 22 and an 
external groove 24 circumf erentially formed in the 
engagement section 54 of the external surface 22. The 
assembly of the outboard drive axle 13 is shown here 
having a retaining element 50 assembled in the external 
groove 24 on the shaft 12 . 
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[0032] The engagement section 54 of the shaft 12 may 

have a plurality of spline or other engagement surfaces 
known to one in the art for non-rotatably coupling or 
inter-engaging with another part. 

[0033] Figure 4 is a partial cross- sect ion of a 

shaft 12 of an outboard drive axle 13 having internal 
retention capabilities according to one embodiment of 
the invention. The assembly of the outboard drive axle 
13 includes an outer race 18 of a constant velocity 
joint 20 axially coupled to a shaft 12. The shaft 12. 
has an external surface 22 and an external groove 24 
circumf erentially formed in the non- engagement section 
56 of the external surface 22. 

[0034] The external groove 24 is capable of 

receiving a retaining element 50 that is either an 
external type or internal type of retention. An 
external retaining element 50 would include a spring 
ring or snap ring that expands in order to slip over 
the shaft 12 and retracts, when released, to engage the 
external groove 24 and may retain the wheel hub 14 . An 
internal retaining element would include a spring ring 
or snap ring that is compressible within the external 
groove 24 and regains shape upon being released for co- 
operatively engaging the grooves 24, 52 of the shaft 12 
and wheel hub 14, respectfully, as shown in Figure 2. 
The retaining element 50 can be a snap ring and other 
compatible retention devices known to those in the art. 
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[0035] The engagement section 54 of the shaft 12 may 

have a plurality of spline or other engagement surfaces 
known to one in the art for non-rotatably coupling or 
inter -engaging with another part. 

[0036] Figure 5 is a block diagram showing the 

method of securing together a shaft of an outboard 
drive axle, a wheel hub and a wheel bearing assembly in 
accordance with the present invention. This embodiment 
provides an arrangement in which, when securing 
together the a shaft of an outboard drive axle, a wheel 
hub and a wheel bearing assembly by means of a spring 
ring, the spring ring can be engageably connected to 
. the shaft and can thus allow easy assembly and 
disassembly of the parts in situ on a vehicle. 

[0037] According to one aspect of the invention a 

method of securing together, by means of retaining 
element, a wheel hub and a wheel bearing assembly in 
telescopic relationship with a shaft of an outboard 
drive axle axially coupled to an outer race of a 
constant velocity joint is given, wherein the shaft has 
an external surface and an external groove 
circumferentially formed in the external surface of the 
shaft, the wheel bearing assembly having a second bore, 
the wheel hub having a first bore and a radially 
extending flange. The method includes telescoping 58 
the shaft inwardly through the second bore of the wheel 
bearing assembly and the first bore of the wheel hub, 
retaining 60 the wheel hub and the wheel bearing 
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assembly on the shaft with engaged retaining element in 
the external groove of said shaft, and mounting 62 the 
retaining element on the shaft. 

[0038] The order of assembly is dependent upon the 

type of retaining element used, i.e. external or 
internal retention. The mounting of the retaining 
element on the shaft may be the first, intermediate or 
the last step of the method. 

[0039] It is further contemplated that a step of 

compressing the retaining element may be included. The 
step requires compressing the retaining element within 
the external groove of the shaft while receiving in 
telescopic relationship the wheel hub onto the shaft. 

[0040] Figure 6 is a partial cross-section of a 

shaft 12, wheel hub 14, and wheel bearings 16 of an 
outboard drive axle assembly according to another 
embodiment of the invention. The assembly has an outer 
race 18 of a constant velocity joint that is axially 
coupled to a shaft 12. The shaft 12 has an external 
groove 24 circumf erentially formed in its external 
surface and is capable of receiving a retaining element 
50. The wheel hub 14 has an internal groove 52 capable 
of receiving the retaining element 50 as shown in this 
embodiment. The assembly, of this embodiment also shows 
a bearing support or steering knuckle 27 rotatably 
coupled by a wheel bearing assembly 16 to the wheel hub 
14 . The wheel bearing assembly 16 is a new generation 
type of wheel bearings, known as roll -formed or self- 
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contained bearing and does not require a preload. The 
retaining element 50 retains the assembly without 
imparting preload upon the bearings. The wheel hub 14 
is non-rotatably coupled, e.g., splined, to the shaft 
12. and held in an assembled position by the retaining 
element 50. The retaining element 50 engages 

cooperating grooves, the external groove 24 of the 
shaft 12 and the internal groove 52 of the wheel hub 
14, retaining the wheel hub 14 to the shaft 12. The 
retained wheel hub 14 is rotatably drivable within the 
steering knuckle 27 by the constant velocity joint. 

[0041] The retaining element 50 of this embodiment 

is an internal type of retaining device such as an 
internal snap ring. It is also contemplated that the 
external groove 24 may be located outwardly, nearer the 
opposite end of the shaft from the outer race, upon the 
external surface in the coupling section of the shaft, 
wherein the wheel hub and the shaft may be held in an 
assembled position by the retaining element. The 
retaining element 50 . of this contemplated embodiment 
may be an external type of retaining device such as an 
external snap ring. 

[0042] From the foregoing, it can be seen that there 

has been brought to the art a new and improved assembly 
and method of retaining a wheel hub and wheel bearing 
upon a shaft by a retaining element which has 
advantages over prior designs. While the invention has 
been described in connection with one or more 
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embodiments, it should be understood that the invention 
is not limited to those embodiments. Thus, the 
invention covers all alternatives, modifications, and 
equivalents as may be included in the spirit and scope 
of the appended claims . 



